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FORTY-ONE FIGURES 

The pineal region of the vertebrates has been studied by a 
large number of investigators whose interest has been directed 
especially to the parietal organ and epiphysis, the significance and 
functions of which are still so problematical. On account of the 
relatively high state of development of the parietal organ in 
Sphenodon and many lizards, the reptiles have received special 
attention and the papers of Warren ('11) on the development 
of the pineal region in the lizard and turtle, Dendy ('99) on 
Sphenodon, and Voeltzkow ('03) on the crocodilian furnish rather 
complete pictures of the development of the region in each one of 
these groups. The snakes have received very little attention 
from this point of view and are only very imperfectly known. It 
was for the purpose of filling up certain serious gaps in our 
knowledge regarding this group that the present study was 
undertaken. 

The literature dealing with the pineal region in snakes is very 
restricted. The earliest reference to this region is Hoffmann's 
( '85) .  In  describing briefly the pineal region in Tropidonotus 
natrix, he called attention to a thickening of the roof of the 
brain at the boundary between t,he telencephalon and dienceph- 
alon. He offered no suggestion as to its significance but there 
can be little doubt that it was the anlage of the paraphysis which 
he saw. Hanitsch ('88) in a paper which I have not been able to 
see for myself, describes according to Leydig ('97) an organ 
which he supposed to be a well defined parietal eye in an embryo 
Vipera berus. He described the eye as provided with a lens in 
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which were pigment masses. Leydig thinks that Hanitsch was 
in error regarding this structure, and in his own investigations 
on Coronella he found nothing comparable to a parietal eye. 
In the stage described by Leydig, the paraphysis is characterized 
by the presence of many budlike evaginations and the epiphysis 
has become solid though it still retains its connection with the 
roof of thediencephalon by means of a hollow stalk penetrating 
the posterior commissure. Studnicka ('93) studied the epiphysis 
and paraphysis of an advanced embryo and a full-grown specimen 
of Tropidonotus and found the epiphysis to consist of a massive, 
ellipsoid body connected with the roof of the diencephalon by a 
thin stalk. The epiphysis itself was of a glandular structure. 
It was divided into lobes by connective tissue septa and exhib- 
ited a small cavity at  the junction of the stalk and the body 
proper. In the adult form the same condition was found ex- 
cept that the cavity was wanting. Sorensen ('94) figured a 
sagittal section of the diencephalon of an embryo black snake 
in which the epiphysis was connected by an attenuated stalk 
with the roof of the diencephalon and was inclined caudad. He 
also figured a cross-section of the epiphysis of the garter snake 
which was a globular body. The failure of these investigators 
to find a parietal organ is probably because of the advanced age 
of the embryos studied and the temporary occurrence of that 
organ. The most complete account of the development of the 
pineal region in the snakes is that of Ssobolew ('97) on Tropi- 
donotus and Vipera. In  the former the epiphysis is described 
as a double evagination of the cerebral vesicle at the point of di- 
vision between the di- and mesencephalon. The lumen of the 
epiphysis is still in wide open communication with the brain 
when the paraphysis first appears, and at  its distal end exhibits 
'' eine kleine Vertiefung mit der Bildung von zwei rundlichen 
Kornern,-dem vorderen und hinteren." The former he inter- 
prets as the anlage of the parietal organ, the latter as that of the 
epiphysis. A t  this stage the wall separating the two does not 
quite reach the level of the wall of the diencephalic roof. Ssobo- 
lew's figures fail to show the parietal organ so that a clear pic- 
ture of the relationship of this organ to the epiphysis is still 
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lacking. In  view of my own findings in Thamnophis and the 
irregularities which appear in the epiphysis, there may still be 
some question as to the exactness of his interpretation. I n  
Vipera he described, without a figure, the anlage of the parietal 
organ as an anterior evagination from the epiphysis resting di- 
rectly on the anterior epiphysial wall and accordingly elevated 
through the growth of the latter while not itself growing materi- 
ally. All trace of the parietal organ disappeared later in both 
snakes. So far as I have been able to find, these are the only 
papers devoted to the development of the epiphysis and parietal 
organ in the snakes, although several have described the con- 
dition in the adult animal, for instance, Rabl-Ruckhardt's ('94). 

For a full account of the literature on this subject reference 
should be made to Studnicka ('05) and Gaupp ('98). 

The observations upon which this study is based were made 
upon a series of some 20 embryos of Thamnophis radix, the or- 
dinary garter snake, ranging in length from about 10 to 100 mm. 
The lengths of the younger specimens could be obtained only 
approximately on account of their being coiled in a tight spiral. 
These embryos were projected and drawn by means of a camera 
a t  a magnification that was exactly determined in each case and 
was about 10 diameters; the length was then scaled off on the 
drawing by means of dividers. In  the stages in which the cere- 
bral flexures were marked, the most prominent point of the 
mesencephalon was regarded as the most anterior point. The 
older embryos were sufficiently flexible to permit a straighten- 
ing of the coils and direct measuring. These embryos I have 
grouped into five stages for convenience of description. Stage 
I is characterized by its 2; spirals and length of 11 mm. The 
choroidal fissure of the eye is invisible from the exterior; the 
mandibular, second, and third visceral arches are evident. The 
otocyst from the lateral aspect has a simple triangular form. In  
Stage I1 the olfactory pits have become constricted to form small 
nostrils. The body length is 18 mm. and there are 34 coils. 
Stage 111 has an approximate length of 30 mm. In  Stage IV  
the length is about 42 mm. and the number of coils is 44 or 5. 
The phalli are well developed and everted at  this time in the 
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males. Stage V has a length of 80 to 100 mm. and is character- 
ized by the disappearance of the mesencephalic flexure of the 
brain. 

The roof of the forebrain included in the present study com- 
prises the following parts enumerated from posterior to anterior: 

(a) The posterior commissure, occupying the roof of the synen- 
cephalon (or pars intercalaris of Burckhardt), 

(b) The epiphysis or pineal body arising as an evagination im- 
mediately anterior to the posterior commissure, 

(c) The superior commissure or commissura habenularis which 
connects the two ganglia habenulae, and which is situated im- 
mediately cephalad to the stalk of the epiphysis, 

(d) The parietal organ or pineal eye situated in front of the 
epiphysis but separated later from it in the garter snake by the 
superior commissure, 

(e) The postvelar arch (or dorsal sac of Goronowitsch or 
Zirbelpolster of Burckhardt) , 

(f)  The choroid plexuses of the third and the lateral ventricles, 
arising from the roof of the anterior portion of the postvelar arch 
and sides of the telencephalon medium respectively, 

(g) The velum transversum projecting into the encephalic 
cavity and separating the paraphysis from the postvelar arch, 

(h) The paraphysis, a median diverticulum from the roof of the 
telencephalon medium. 

Stage I 

At this stage the roof of the diencephalon exhibits two minute, 
inconspicuous evaginations separated from each other by a short 
interval (fig. 1). The anterior one of the pair, 1 believe, repre- 
sents $he anlage of the parietal organ, the posterior one, the 
epiphysis. The posterior one of the two is broader a t  its base 
than the anterior one, but both are of the same height and are 
inclined slightly so that the front wall of eachmakes somewhat 
less than a right angle with the roof of the diencephalon and the 
posterior wall rather more than a right angle. The anterior 
evagination is much compressed so that the lumen is very small, 
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ABBREVI ATIOXS 

ACC, process from the roof of the di- 
encephalon marking the attachment 
of the accessory parietal organ. 

ACP, accessory paraphysis 
BV,  blood vessel 
C H ,  cerebral hemisphere 
DCP, diencephalic choroid plexus 
DI ,  diocoel 
011.1, di-mesencephalic groove 
E,  epiphysis 
F M ,  foramen of Monro 

I N F ,  infundibulum 
LCP, lateral choroid plexus 
P,  paraphysis 
PA,  paraphysal arch 
PC, posterior commissure 
PO, parietal organ 
SC, superior commissure 
TM,  telencephalon medium 
T P ,  tuberculum posterius 
T T ,  torus transversus 
V T ,  velum transversum 

Figs. 1-3 Sagittal sections of an embryo (C2) having a length of I1 mm. 
Stage I. Figure 1 is a combination of two adjacent sections through the brain, 
showing the relation of the epiphysis, parietal organ, velum, paraphysal arch, 
postvelar arch, and di-mesencephalic groove. Figures 2 and 3 are de- 
tailed drawings of the sections of the epiphysis and parietal organ from which 
figure 1 was made. 

X 20. 

X 230. 

the posterior one opens by a wide mouth into the roof of the 
diencephalon. The distal ends of the two evaginations come 
in contact with the overlying external epithelium of the head. 
The velum transversum is present as a low ridge on the dorsal 
wall which continues laterally and ventrally and becomes more 
prominent at the sides than on the middle line and extends 
downward to the postoptic prominence. Externally ridgethis 
is manifest as a shallow groove. 
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The paraphysis is not visible at this stage. The paraphysal 
arch is simply a low, broad dome extending cephalad from the 
velum and passing over without interruption into the lamina 
terminalis as Tandler and Kantor have shown in their Stage I1 
of Gecko. The position of the recessus neuroporicus is indicated 
by a space anterior to the paraphysal arch in which the enceph- 
alic wall is only about one-half as thick as it is immediately 
dorsal and ventral to it and where the basement membrane of the 
epithelium has disappeared and the space between it and the 
external epithelium of the embryo is filled up with a mass of 
polyhedral cells among which are many blood cells. The post- 
velar arch is very low. The diencephalon is separated sharply 
from the mesencephalon by a deep groove externally and a slight 
ridge internally. 

The histological structure of the roof of the diencephalon ex- 
hibits several noteworthy features. In  the postvelar arch there 
are two or three layers of nuclei situated toward the outer side 
of the brain. The preparations did not allow the outlines of the 
cells to be seen so that it is still a question how many layers of 
cells are represented by these nuclei. In  the evaginations of the 
epiphysis and parietal organ the wall is only about two-thirds 
as thick as the rest of the postvelar arch and apparently is only 
one layer of cells in thickness. In  the interval between the two 
evaginations the wall is thin, as in the evaginations themselves. 
The thickness of the roof behind these evaginations becomes 
gradually and uniformly thicker toward the di-mesencephalic 
groove ; but the roof of the mesencephalon becomes suddenly 
nearly twice as thick as the thickest part of the diencephalic 
roof. In  the evaginations the nuclei lie rather toward the outer 
ends of the cells. The front wall of both evaginations appear 
somewhat thinner than the posterior one, as Tandler and Kantor 
have observed in Gecko. 

The line of demarcation between the anterior parencephalic 
and the posterior synencephalic portions of the diencephalon is 
marked by the epiphysis which arises from the extreme posterior 
end of the former region. The anlage of the posterior commis- 
sure is characterized at this stage by a zone of cells in the roof 
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of the synencephalon in which the cytoplasm is less dense than 
elsewhere. At this stage no traces of the other commissures of 
this region are visible. 

The lateral and ventral prolongation of the velum transversum 
exhibits on its posterior aspect a very pronounced thickening 
having the form of a ridge that extends posteriorly and ventrally 
to the infundibulum. This ridge is very evidently anterior to the 
di-mesencephalic ridge which marks the division between the 
diencephalon and mesencephalon. 

Stage I I  

This stage exhibits several slight advances over the preceding 
one in the region of the diencephalon. The epiphysis opens 
widely into the diocoel and is bowl-shaped, the cavity having a 
depth about equal to its antero-posterior diameter (fig. 5). The 
parietal organ has the form of a solid outgrowth from the roof 
of the diencephalon. Its cells are elongated and placed per- 
pendicular to  the surface so that it has the appearance of having 
been originally an evagination, as in the preceding stage, which 
has suffered a compression obliterating the lumen. In this 
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Figs. 4-5 Sagittal sections through the brain of an embryo (A2) Stage 11, 
having a length of 18 mm., showing the parietal organ apparently constricted 
from the roof of the diencephalon so that its lumen is obliterated. The epiphysis 
is further removed from the parietal organ than in  the embryo previously de- 
scribed. Figure 5 shows the epiphysis and parietal organ of the same 
embryo. X 230. 

X 25. 
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embryo the axis of the epiphysis is perpendicular to the roof of 
the diencephalon but that of the parietal organ is inclined for- 
ward as before. 

The histological structure of the epiphysis is very different 
from that of the surrounding portions of the encephalic wall. 
The cells composing it are arranged in a single layer with the 
nuclei toward the outer ends of the cells. The wall of the pa- 
rietal organ is not as thick as that of the epiphysis, but like the 
latter organ, its walls are of a single layer of cells with their 
nuclei toward their bases. The cytoplasm of these cells differs 
slightly from that of the epiphyseal cells in being more dense. 

The velum transversum is visible as a slight ridge in the cavity 
of the brain and as a corresponding groove on the exterior. The 
paraphysis is just visible as a slight outpocketing of the apex of 
the paraphysal arch. Immediately dorsal to it is a large blood 
vessel. The cells composing it have a less dense cytoplasm than 
those forming the brain generally. The posterior commissure is 
quite clearly differentiated and the very slight constriction be- 
tween the parencephalon and synencephalon is clear. 

In  another embryo of essentially the same size as the one just 
described, the paraphysis is apparently more highly developed. 
It has the form of a fingerlike evagination which is directed 
posteriorly. I ts  length is somewhat less than that of the epi- 
physis. I ts  posterior wall exhibits several wrinkles, as Ssobolew 
described in his Vipera embryo number 4. In  this embryo I 
cannot be sure of the presence of a parietal organ. The plane 
of the sections (parallel to the roof of the synencephalon) was not 
favorable for the display of such an outgrowth, but a careful 
study of the series revealed nothing that could be interpreted as a 
parietal organ. The epiphysis has become somewhat larger than 
in the previous embryo described in this stage and slants dis- 
tinct ly backwards . 

The telencephalon exhibits the two hemispheres and the 
telencephalon medium which is posterior and dorsal to the for- 
amina of Monro. The paraphysis projects from the roof of this 
as a fingerlike evagination or, as in another embryo, as two 
very small evaginations. The telencephalon medium is greatly 
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compressed laterally and its sides are parallel so that the velum 
transversum is very narrow. It projects very slightly into the 
ventricle. 

The posterior commissure in this stage seems very distinctly 
to lie in the second diencephalic segment of the brain and not in 
the mesencephalon as it has been usually described. It is situ- 
ated a short distance caudad to the epiphysis. Thamnophis 
agrees in this regard completely with Lacerta and Chrysemys 
as described by Warren. In its earliest manifestation in the rep- 
tiles, the posterior commissure is wholly diencephalic. ,4s will 
be shown later, however, it apparently encroaches upon the 
mesencephalon. 

Stage III 

The changes that have taken place in the pineal region at  this 
stage are slight, but nevertheless perfectly evident. The epi- 
physis has increased in length so that it is now about twice as long 
as wide, and its axis inclines dorsallyand posteriorly. Its cells 
are arranged in several layers and the posterior wall continues to 
be thicker than the anterior one and is slightly wrinkled. In one 
section the posterior wall bears a small budlike projection (fig. 11) 
the proximal half of the slender lumen is larger than the distal 
half although at the apex itself it is again slightly larger so that in 
sagittal section it looks almost as if it were divided into a ceph- 
alic and caudal branch. The apex of the epiphysis lies in con- 
tact with the external epithelium of the head and is surrounded 
by numerous large blood sinuses in the mesenchyme. In an- 
other embryo having a length of 33 mm. the epiphysis com- 
municates with the ventricle of the diencephalon by a constricted 
neck (figs. 12 and 17). The parietal organ shows an appreciable 
advance in development over that of the earliest stage observed 
where it consists of a budlike outgrowth in wide open communi- 
cation with the diencephalon on the middle line a short distance 
in front of the epiphysis. In this stage, as in the one immediately 
preceding, it has become solid, apparently by a pinching together 
in an antero-posterior direction. It has increased somewhat in 
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Figs 6-11 Sagittal sections of an embryo (J).having a length of 29 mm. 
Stage 111. Figure 6 is a section through the entire head t o  show the general 
topography of the roof of the diencephalon. The section does not pass exactly 
through the paraphysis. X 20. Figure 7 is a detailed drawing t o  show the histol- 
ogy of the paraphysis which in  this specimen was very slightly developed. X 230. 
Figure 8 shows the accessory parietal organ situated to  the left of the mesial 
plane. Figure 9, the roof of the diencephalon on the mesial line a t  the 
level of the accessory parietal organ. X 230. Figures 10-11, adjacent sections 
through the epiphysis and parietal organ. The epiphysis is directed posteriorly; 
the parietal organ is suffering a lateral constriction from the roof of the dien- 
cephalon but is still in  continuity with i t ;  the epiphyseal wall has become much 
thicker than in Stage 11. 

Figs. 12-16 Transverse sections through an embryo (G) having a length of 
33 mm. Stage 111. X 25. Figure 12 is a section passing through the epiphysis 
and showing i t  slightly constricted off from the roof of the diencephalon. Figure 
13 is a section 105 in front of the preceding and passing through the parietal 
organ. Figure 14 passes through the posterior portion of the accessory paraphysis 
derived from the roof .of the telencephalon medium. Figure 15 shows the 
paraphysis cut through i ts  attachment t o  the telencephalon. Figure 16 passes 
through the middle portion of the paraphysis. 

X 230. 

X 230. 

length and inclines cephalad so that its anterior face is for the 
most part in contact with the roof of the diencephalon in front 
of it. The portion of the roof of the diencephalon between the 
two evaginations continues to be made up of a single layer of 
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Figs 17-18 Portions of figures 12 and 13 respectively, t o  show the histologi- 
cal structure of the epiphysis and parietal organ. X 230. 

cells. The parietal organ is made up of a single layer of cells in 
which the nuclei lie toward the basement membrane. I n  one 
embryo of this stage I could find no trace of a parietal organ. 

some distance in front of the parietal organ-about midway 
between the epiphysis and the velum transversum-the roof of the 
diencephalon exhibits a curious structure (fig. 9) whose signifi- 
cance may still be somewhat doubtful. Partly by an increase in 
the number of cell layers and partly by the increased length of the 
innermost layer whose clear cytoplasmic portion is relatively 
taller than elsewhere, the roof thickens to form a conical projec- 
tion of small size. Separated by a short distance from the thick- 
ening mentioned there is a tiny nodule of cells lying in the mes- 
enchyme similar in staining qualities to the roof of the brain (fig. 
8). I t  lies 0.06 mm. to the left of the apex of the thickening but 
a t  such a level that its ventral limb is on a level with it. There is 
very distinctly a complete separation between the two structures 
but at the same time their form and position leave little room for 
doubt as to their earlier continuity. This evidently is an un- 
usual structure for in my whole series of embryos it appeared 
only once. For the present it may perhaps be looked upon as an 
accessory parietal organ. 

The velum transversum is in the form of a broad fold of the 
roof and sides of the brain projecting into the ventricles. The 
anterior and posterior limbs of the iold make an obtuse angle with 
each other. The anterior limb bears two very slight budlike 
evaginations which may become involved in the anlage of the 
paraphysis. In  Lacerta muralis embryos 23. and 4.5 mm. long. 



Figs. 19-21 Sagittal sections through the brain of an embryo (D2) 35 mm. 
in lcngth. Stage 111. X 20. Figure 19 shows the relation of the paraphysis 
and velum transversum and thc carliest trace of the dicncephalic choroid plexus. 
Figure 20 passes 45 p t o  the right of figure 19, to  show the connection of the para- 
physis and telcncephalon medium. Figure 21 shows especially the prominence 
formed hp thp  ganglion hahenulae and the drvclopmcnt of thc choroid plexus 
of the lateral ventrirle. 

019 
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Warren has shown three similar evaginations which he regards 
as the anlage of the paraphysis. 

The paraphysis in an embryo having a length of 33 mni. con- 
sists of a triangular pocket which is very much compressed froni 
side to side and which opens into the ventricle of the telencepha- 
lon medium by an opening greatly extended anteriorly and pos- 
teriorly. In another embryo of slightly greater length, 33 mm., 
the paraphysis extended as a fingerlike pouch somewhat com- 
pressed laterally and extending forward between the two cere- 
bral hemispheres (fig. 16). The roof of the telencephalon medium 

Figs 22-23 Sections of the same embryo as figures 19 t o  21. X 230. Figure 
22 shows the parietal organ in  continuity with the roof of the diencephalon in 
front of the superior commissure. Figure 23 shows the anlage of the diencephalic 
choroid plexus. 

slants laterally from the middle line at  a low angle which in- 
creases to a right angle immediately behind the origin of the 
paraphysis. 

In one of the specimens of this stage there is a small outgrowth 
behind the paraphysis, but in front of the velum transversuni 
which resembles closely the organ described in another embryo 
of this stage as an accessory parietal organ (fig. 8). It has the 
form of a solid bud only 30 p in diameter which is slightly con- 
stricted from the roof by a groove on its posterior side. Figure 
14 shows a section immediately posterior to its connection with 
the roof of the brain. It may become involved in the para- 
physis later, but the paraphysis is so well advanced in this stage 
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that it hardly seems likely. On the other hand it can scarcely 
be regarded as an accessory parietal organ since it originates 
from a segment of the brain anterior to the diencephalon. 

It 
does not lie immediately behind the epiphysis as at first, but is 
separated by a short portion of the roof, in this respect resem- 
bling Lacerta and Chrysemys as described by Warren. Later this 
portion of the roof of the synencephalon between the commissure 
and epiphysis becomes invaded by transverse fibers. In one 
embryo of this stage the transverse fibers seem to extend very 
slightly behind the groove separating diencephalon and mes- 
encephalon. 

Stage I V 

The posterior commissure at  this stage is clearly outlined. 

At this stage the development of the pineal region exhibits 
considerable variation. Although the various specimens ap- 
peared externally to be of the same age, the relative develop- 
ment of the parts of this region varied greatly. 

The posterior commissure has extended both caudad and 
cephalad, so that it reaches the stalk of the epiphysis in front and 
passes beyond the di-mesencephalic groove behind and occu- 
pies the entire roof of the synencephalon. Its fibers are very 
clearly differentiated by this time. 

The epiphysis has still a simple form, being cylindrical or club- 
shaped, showing a differentiation into body and stalk. In two 
cases there was a wide open connection between the lumen of 
the epiphysis and the ventricle of the diencephalon; but in two 
other instances the pinching off seemed to be complete. The 
wall of the stalk is thinner than that of the body and in several 
instances the anterior wall is slightly thinner than the posterior 
one. Generally the body and stalk make an obtuse angle with 
each other, but in one case the stalk itself is bent. In one 
embryo in which the cavity of the epiphysis was completely 
severed from that of the diencephalon, a large blood vessel presses 
obliquely into the anterior wall (fig. 25). 

The superior commissure can be distinguished as a small band 
of transverse fibers immediately cephalad of the stalk of the epi- 
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physis in the three embryos of this stage in which the epiphysis 
is still in communication with the diocoel, but in the other speci- 
mens which are more advanced in regard to the epiphysis, no 
trace of a superior commissure could be seen (fig. 28). 

As might be expected, the parietal organ exhibits the greatest 
diversity of development. In  one instance it was simply a solid 
budlike evagination as has been noted already in several of the 
earlier stages (fig. 22). In  a second instance it was in the form of 
a solid pyriform mass of cells with the smaller end reaching al- 
most to the roof of the diencephalon but not coming in contact 
with i t  (fig. 24). The axis of the organ in this embryo is inclined 
upward and forward a t  an angle of about forty-five degrees with 
the roof. The stem is a single column of cuboidal cells, the body 
itself exhibits a single layer of spherical nuclei around the margin 
with only a few situated internally. It has no trace of a lumen. 
It is notable in this embryo that the roof of the diencephalon 
is made up of only a single layer of tall columnar cells in the 
region from which the parietal organ apparently has separated 
whereas in the other specimens of this stage there are distinctly 
several layers. I n  a third embryo, the parietal organ has sepa- 
rated completely from the roof of the diencephalon and is in 
the form of a solid ovoid mass of cells with its long axis extending 
forward and upward. There was no trace of a lumen or stalk 
in this case (fig. 26). The roof of the diencephalon, however, was 
characterized by a slight irregularity in which the nuclei were 
rather crowded and squeezed toward the outer side of the roof, 

Figs. 24-28 Sagittal sections of the roof of the diencephalon of three different 
embryos of 42 mm. length (Embryos €3, R, and S). Stage IV. Figure 24 shows 
the parietal organ as a pyriform outgrowth separated from the roof of the dien- 
cephalon. Figure 25 is from the same embryo as the preceding and 
shows the lumen of the epiphysis closed off from the diocoel and a large blood 
vessel entering the anterior wall of the epiphysis. Figure 26 shows the 
parictal organ completely separated from the roof of the diencephalon in the 
form of :t solid ovoid mass of cells and the epiphysis in open communication 
with thc diocoel. Figure 27 shows the general relation of the parts 
of the brain of the same embryo as the preceding. Figure 28 shows the 
lumen of thc epiphysis completely cut off from the diocoel and limited to  the 
body of that  organ, and the parietal organ as a hollow sphcrr of cells completely 
separated from the brain. 

X 230. 

X 230. 

X 230. 
X 20. 

X 230. 
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indicating probably a very recent separation. Several blood ves- 
sels were in close relation to the organ. Still a fourth condition 
of the parietal organ was met with in another embryo in which 
it was in the form of a hollow spherical vesicle (fig. 28). It was 
in this instance made up of a single layer of cells and was com- 
pletely removed from the roof of the diencephalon. The post- 
velar arch is large and domelike in this stage and is characterized 
especially by the numerous small wrinkles especially in its anterior 
portion (figs. 19 and 20). The anterior and posterior limbs 
make approximately a right angle with each other but the poste- 
rior limb is much longer than the anterior one. The velum 
transversum is well differentiated, with its two faces making an 
angle of about thirty degrees with each other. The epithelium 
of the front wall in the middle line is conspicuously thicker than 
that of the posterior wall. 

The paraphysis has the form of an irregular conical or oval 
evagination in open connection with the cavity of the tel- 
encephalon medium. Usually it is slightly constricted at the 
base. It is considerably more voluminous than the epiphysis 
and its walls are more irregular. At this stage the blood vessels 
surrounding the paraphysis are very conspicuous. 

The choroid plexuses exhibit at this stage marked advance in 
development over that  of previous stages. The diencephalic 
plexus apparently appears later than the telencephalic, for at this 
time it is evident only as several bud-like thickenings of the 
postvelar arch projecting into the ventricle of the brain, and 
separated from each other by fairly deep clefts (fig.23). The 
telencephalic plexus consists of an outgrowth extending ante- 
riorly into the lateral ventricle from the wall immediately dorsal 
and lateral to the foramen of Monro (fig. 21). It is rounded 
at its free anterior. margin and contains a large blood vessel. 
The histological differentiation of the telencephalic plexus is 
marked. The cells which are arranged in a single layer are more 
slender and taller than in the paraphysis and the cytoplasm is 
denser, and their nuclei are more elongated. 
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Stage V 

The paraphysis at  this stage has become much longer and has 
a horizontal position, its blind end pointing caudad (fig. 39), 
the choroid plexus of the lateral and the third ventricles are 
much folded and the epiphysis has become greatly elongated 
and its stalk has become solid. 

The paraphysis extends from the roof of the median telen- 
cephalic ventricle at  first dorsally and then turns a t  a right angle 
so that its distal half is horizontal. Its lumen is of somewhat 
irregular form. Proximally it is T-shaped, distally it becomes 
flattened dorso-ventrally. It lies in contact with the post- 
velar arch causing a distinct depression along the median line. 
The opening of the paraphysis into the ventricle of the telen- 
cephalon medium is exactly at  the level of the opening of the 
foramina of Monro so that the ventricle widens quite suddenly 
immediately ventral to the opening of the paraphysis. 

Its 
cephalic wall passes directly into the paraphysis and its caudal 
wall into t,he choroid plexus of the diencephalon. I t  is rather 
narrow from side to side, and at its sides it is very short. Medi- 
ally it exhibits a longitudinal groove with parallel sides so that 
in cross-section it appears like a bilobed tongue depending from 
the dorsal wall of the brain. In general the velum has a verti- 
cal position. Its caudal surface bears several large oval or 
irregular prolongations which represent the choroid plexus of the 
diencephalon. These processes are not to be distinguished from 
those which hang down from the postvelar arch. They are in 
fact continuous with them. 

The choroid plexuses of the telencephalon and diencephalon 
at this stage are quite complex in form. The latter has already 
been mentioned as made up of a number of irregular masses or 
folds from the caudal wall of the velum and roof of the dien- 
cephalon. It extends caudad as far as the level of the pariet'al 
organ and almost completely fills up the dorsal portion of the 
third ventricle which is nearly circular in cross-section. A study 
of the transverse series of sections of this region showed SO 

The velum transversum is difficult to delimit accurately. 



Figs. 29-34 Transverse sections through the brain of two embryos (D and 
C) having a length of 80 and 90 mm. respectively. StageV. Figure 29 represents 
a section through the paraphysis of embryo D. Figure 30 passes through 
the epiphysis and t h e  superior and posterior commissures of embryo C. X 20. 
Figure 31 represents a portion of the previous figure to  show the histological 
structure of the epiphysis. Figure 32 is a section through the same 
embryo as the preceding but further anterior, passing through the parietal organ, 
ganglia habenulae, and superior commissure. Figure 33 shows the hia- 
tological structure of the parietal organ of the same embryo. X 230. Figure 
34 shows the histological structure of the epiphysis of embryo C, showing several 
clefts within. X 230. 

626 

X 230. 

X 230. 

X 20. 
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great irregularity on the two sides that there can be nodefinite 
arrangement of parts. The telencephalic plexuses are likewise 
complicated. That of the lateral ventricle has the form of a 
plate of nearly horizontal position with its distal, lateral margin 
much thickened and turned up dorsally so that it has a concave 
upper surface. This plate extends anteriorly from the posterior 
side of the foramen of Monro so that the latter is partially oblit- 
erated by it. Warren describes the choroid plexus lateralis as 
springing from the paraphysal arch immediately in front of and 
lateral to the mouth of the paraphysis, invaginating the dorso- 
mesial wall of the hemispheres. The plexus extends medially 
from its connection with the margin of the foramen of Il'lonro 
so that it projects freely into the ventricle of the telencephalon 
medium and unites with the lateral wall of this ventricle by a 
slender stalk, ventral and lateral to the origin of the paraphysis 
(fig. 35) .  This median prolongation of the lateral plexus repre- 
sents probably the telencephalic choroid plexus of Warren or 
the choroid plexus inferioris. It is wanting, according to Warren, 
in Lacerta but in Chrysemys there are described two paired 
masses growing back from the origin of the lateral plexus into the 
diencephalon. I n  Thamnophis they are confined to the un- 
paired ventricle of the telencephalon and do not extend posterior 
to the velum. The telencephalic plexus of the Amphibia, in 
which group it is most highly developed, arises from the para- 
physal arch in front of the paraphysis. Warren thinks that 
these paired masses in Chrysemys may be the homolog of the 
amphibian telencephalic plexus. 

The parietal organ is present in an embryo having a length of 
90 mm. as a hollow, ovoid body entirely separated from the 
roof of the third ventricle (figs. 32-33). Its long axis extends 
antero-posteriorly. It is situated about 50p dorsal to the dien- 
cephalon, slightly nearer the stalk of the epiphysis than the 
distal end of the paraphysis (fig. 39) .  It is composed of a single 
layer of cuboidal cells with large spherical nuclei. A large blood 
vessel lies immediately dorsal to it. 

The stalk of the epiphysis is very slender and has attained a 
considerable length. It passes into the roof of the diencephalon 
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Figs. 35-38 Transverse sections through the dorsal portion of an embryo 
(D), having a length of 80 nim., arranged from anterior to  posterior, showing the 
paraphysis, lateral, median, and diencephalic choroid plexuses, ganglia habcn- 
ulae, superior commissure, and a pocket of the roof of the diencrphalon c u t  
off by the superior commissure. X 20. 

between the superior and posterior commissures and is directed 
almost exactly dorso-ventrally. The body of the epiphysis is 
large and pear-shaped. In  one specimen it exhibited a small 
lumen in the anterior and ventral portion near its connection 
with the stalk, as has already been described in the adult ser- 
pent by Studnicka ('93). Its  histological structure has changed 
markedly for now it is made up of an irregular mass of cells 
packed closely together with occasional connective tissue fibers. 
In  another specimen there were several irregular clefts instead 
of a single lumen (fig. 34). 
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38 

The posterior commissure has increased much in size and 
occupies the entire roof of the third ventricle from the very atten- 
uated stalk of the epiphysis posteriorly to the anterior portion 
of the mesencephalon. The superior commissure is strongly 
developed, forming a distinct projection from the roof of the 
diencephalon (fig. 32). The fibers of the superior commissure 
are much longer than those of the posterior and curve forward 
toward their ends, presenting thereby a concavity in front. 

The diencephalon is very much compressed laterally. Ante- 
riorly in the immediate region of the velum its sides are parallel, 
but further caudad it becomes widened in its dorsal portion 
around the choroid plexus so that it becomes nearly circular in 
cross section. Immediately ventral to the widened portion of 
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Fig. 39 Reconstruction of the pineal region of an embryo (C) having a 
The right half of the model is viewed from the mitl- length of 90 mm. 

dle line. X 36. 

the ventricle it becomes greatly narrowed by the development 
of the optic thalami until the space between the two walls is 
obliterated. The ependyma at the line of fusion becomes flat 
and indistinguishable except as a layer of cells which appear 
like fibers in cross-section. Dorsal to this line of fusion and 
extending caudad to it, in the region caudad to the superior 
commissure, the ependymal cells become very different from 

. elsewhere, increasing greatly in height. These taller cells pass 
over directly into the cuboidal cells of the stalk of the epiphysis 
(fig. 40). 

Stage V. 
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40 

4' \ 
Fig. 40 Represents a transverse section through the stalk of the epiphysis 

of an embryo having a length of 90 mm. The section N ~ S  accidentally broken 
across the stalk. X 50. 

Represents a sagittal section through the pineal region of an embryo 
having a length of 100 mm., showing the large blood vessel dorsal t o  the epiphysis. 
X 50. 

Fig. 41 

Each ganglion habenulae forms a dorsal projection on the 
diencephalon in the region of the posterior end of the paraphysis. 
These two ganglia are separated dorsally by the much folded 
roof of the diencephalon making up the choroid plexus of the 
third ventricle. In one specimen the superior commissure appar- 
ently cuts off a portion of the roof of the diencephalon between 
the two ganglia so that there is a short pocket formed extending 
posteriorly above the commissure (fig. 38). 

DISCUSSION 

The present study on the development of the parietal region 
in the garter snake has thrown light upon several matters which 
have been the subject of much debate. 

First of all, there can be little doubt left regarding the pres- 
ence of a parietal organ in certain stages of the ophidians. Either 
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the organ described in this paper is the parietal organ or it is 
an organ entirely different from anything else described in the 
vertebrates. In  favor of the interpretation here placed upon 
it, there may be mentioned; first, the method of origin as an 
evagination from the roof of the diencephalon anterior to the 
epiphysis and posterior to the postvelar arch; second, its form 
when at its maximum development; namely, a hollow. spheroid 
consisting of a single layer of cells. Against this interpretation 
may be mentioned; first, the appearance of the parietal organ 
later than the epiphysis; second, its wide separation from the 
epiphysis with the superior commissure separating the two; ,and 
third, its failure to migrate dorsally to lie in close proximity to 
the dorsal side of the head. The first and third objections are 
not significant since in those groups in which there is no doubt 
whatever regarding the identity of the parietal organ there is 
much difference in the relative time at which the parietal organ 
and epiphysis appear, although the parietal organ in the lizards 
always seems to be in advance of the epiphysis. The failure of 
the parietal organ to  pass far dorsally may be explained by its 
distance in front of the epiphysis which does not lie ventral to 
it and which otherwise by its growth might push the parietal 
organ dorsally as it does for example in Lacerta. Resides this, 
the extreme development of the paraphysis caudad in such forms 
as Lacerta may also tend to displace the parietal organ toward 
the dorsal surface of the head. This last factor is wanting in 
Thamnophis because of the shorter paraphysis which does not 
insinuate itself beneath the parietal organ. The wide separation 
of the epiphysis and parietal organ constitutes a valid objection 
to the notion here put forth, for a similar relation has not been 
noted in any other type. There are two facts, however, which 
seem to make this objection less significant. The parietal organ 
is known in various forms to originate in slightly different places, 
as will be shown later; and it has also been noted in this study 
that the segment of the roof of the diencephalon lying between 
the epiphysis and parietal organ in the earlier stages of the 
garter snake exhibits a different histological structure from the 
rest and resembles more nearly that of the epiphysis itself. It 
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seems reasonable, on the whole, to regard the present organ as 
a parietal organ rather than one sui generis. 

Another matter upon which evidence has bken produced by 
the present study is the independence of the parietal organ 
and epiphysis. 

The earlier view regarding the relationship between the two 
was that the parietal organ was pinched off from the distal end 
of the epiphysis (Strahl '84). Thus i t  would appear that the 
two organs were in the closest possible relation. X few years 
later Baldwin Spencer ('86), as a result of an extensive study of 
the parietal organ of many lizards, confirmed Strahl's conclu- 
sion, for in all the species studied the parietal organ and epi- 
physis seemed to be connected by means of the 'parietal stalk.' 
Beraneck ('87) studying the development of the parietal organ 
and epiphysis in Lacerta agilis was the first investigator to regard 
the two as independent, arising from two separate anlagen, one 
of which lay close in front of the other. Francotte ('96) recog- 
nized that the parietal organ might arise in two different ways. 
According to the first type of origin the anlagen of the parietal 
organ and epiphysis appear as independent buds from the roof 
of the diencephalon. The anterior one, the parietal organ, ap- 
pears first and is larger than the posterior one, which develops 
into the epiphysis. In  the beginning the parietal organ is larger 
than the epiphysis. According to the second type of origin, 
the posterior bud does not arise from the roof of the diencephalon 
but from the postero-dorsal border of the anterior one. Fran- 
cotte regarded this latter type to be derived from the former 
which he thought was the more primitive. This appar- 
ent origin from the same outgrowth Francotte explained by 
assuming that the parietal organ elongates more rapidly than 
the epiphysis at  first and drags the latter along with it so that 
the lip between the two a t  an early stage really represents the 
segment of the roof of the diencephalon which lay between them 
in the first place. This is also confirmed in a measure by 
Klinckowstrom ('93) on Iguana. In this lizard the roof of the 
diencephalon a t  one time exhibits a single evagination directed 
anteriorly, which is secondarily separated into two parts b y a  
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ringlike furrow. The parietal organ is in this way cut off from 
the epiphysis. The subsequent growth of the epiphysis is not, 
however, in the direction at  right angles to the furrow just 
mentioned, but dorsally so that the scar marking the earlier 
cOnnection of the parietal organ and epiphysis comes to lie on 
the anterior wall of the epiphysis. This means, as can readily 
be seen, that the material from which the greater part of the 
definitive epiphysis is derived, lay originally posterior to that of 
the parietal organ just as is the case where there are two sepa- 
rate anlagen for these organs. The fundamental difference be- 
tween the condition in Iguana and Francotte's first type of 
origin of these organs lies in the greatly retarded appearance of 
the epiphysis in Iguana, until after the parietal organ's anlage 
has grown to considerable size. 

Further evidence of the independence of these two struc- 
tures is afforded by a study of the innervation of the epiphysis 
and parietal organ in certain vertebrates. The parietal organ 
may be supplied by the parietal nerve whose'fibers enter the 
brain by way of the superior commissure, in front of the epiphy- 
sis, and from there may be traced to the right ganglion habenulae 
(Strahl and Martin '88); the epiphysis may be supplied by a 
nerve, the pineal nerve, which enters the posterior surface of the 
epiphysis and arises from the roof of the brain from the pos- 
terior commissure (Klinckowstrom '93, on Iguana). 

The development of the parietal organ and epiphysis in the 
garter snake leaves no room for doubt as to the complete inde- 
pendence of these organs in this form; since there is a consider- 
able interval between them on the roof of the diencephalon from 
their earliest appearance, in which space the superior commis- 
sure later appears. 
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